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1. INTRODUCTION 


1 . 1 This section provides REA borrowers , consulting engineers and other ' 
interested parties with technical information on transmission 
objectives for use in the design and operation of telephone loop and 

facilities. The emphasis in this document, with the 
e3«^ion of Section 4, is on voice frequency transmission parameters to be 
„ ^.n the design of analog and digital facilities. The objective levels 
:ontained herein can also be used as guidelines for operating performance, 
recognizing that certain, older facilities may not fully comply. 
Noncompliance with these design objectives for in-service facilities should 
not be construed to mean that a particular facility is necessarily in need 
of upgrade or replacement. These objectives are advisory. 
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2. LOOP OBJECTIVES 

2.1 Puirpose 

2.1.1 Loop facilities, which are largely analog in today's plant 
environment, contribute most of the total circuit loss in a 

switched connection even though they are relatively short in length 
compared to the other facilities involved in an interoffice call. The 
characteristics of a local loop affect the quality of both local and toll 
calls. As a result, loop facilities are in many ways the controlling link 
in terms of transmission quality. This section will address loop 
objectives under a variety of configurations, both for standard subscriber 
loops and PBX (private branch exchange) loops. 

2.2 Loop Loss 

2.2.1 The general foundation for loop loss is based upon a maximum of 

8 dB loss to the subscriber's network interface device (NID) . The 
specific transmission loss objectives for loop facilities are dependent 
upon two principal characteristics: 1) the nature of the loop itself, 
whether it is physical or carrier-derived; and, 2) the nature of the ’ loop 
interface to the central office switch, whether it is analog or digital. 
Carrier-derived loop circuits result whenever subscribers are served by 
either a digital loop carrier (DLC) or an analog carrier (AC) system. DLCs 
can either have an analog interface on a per subscriber or individual loop 
basis to the central office (CO) switch; or, a digital interface on a DSl 
basis with the CO switch. 

2.2.2 Wherever remote switching terminals (RSTs) are deployed in the 
loop, the interface to the CO switch is on a digital basis. Any 

loss directly associated with the RST unit is considered as part of the CO 
switch and not part of the loop. Central office insertion loss and other 
transmission objectives for digital CO switches are addressed in REA Form 
522, General Specification for Digital, Stored Program Controlled Central 
Office Equipment. 

2.2.3 As previously mentioned, the primary basis for all loop loss 
objectives, regardless of the type of facility or interface, is to 

maintain the lowest loss possible with a maximum subscriber loop loss from 
the NID to the CO switch of 8 dB. Where a loop is served by either a DLC 
or a RST with a direct digital interface to the switch, the full 8 dB of 
loss is available from the DLC /RST location outward to the subscriber. 

This situation is depicted in Figure lA. Should a specific DLC or RST in 
an integrated mode insert any additional loss into the loop circuit, the 8 
dB margin should be reduced accordingly. 
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FIGURE IB - MAXIMUM LOSS 
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FIGURE 2A - MAXIMUM LOSS 
CARRIER-DERIVED PBX LOOP 
DIGITAL INTERFACE 



FIGURE 2B - MAXIMUM LOSS 
CARRIER-DERIVED PBX LOOP 
ANALOG INTERFACE 



FIGURE 2C 
PHYSICAL PBX LOOP 
ANALOG INTERFACE 



2 . 3 Loop Current 

2.3.1 To insure proper operation of customer premises < 
each subscriber, sufficient loop current must be 

loop current objective under adverse conditions (low ba+- 
generator) is > 20 mA. 

2.4 Loop Noise 

2.4.1 The weighted noise objective fc 
20 dBrnC . It is measured at the 

premises. The loop objectives for ste 
independent of the interface to the CO 
facility. Loop noise objectives are a 

2.5 Loop Frequency Response 

2.5.1 Frequency response parameters f 
in terms of a full spectriom req 

performance oriented parameter such as 
information on TTS may be located in R( 

Bibliography. Loop frequency response 
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3. TRUNK OBJECTrVES 

3.1 Purpose 

3.1.1 This section will discuss terminology and transmission design 
objectives to be applied to both analog and digital intraLATA trunk 

facilities. For REA borrowers and other rural LECs , trunk facilities are 
largely of a toll nature. However, exceptions exist to this 
characterization where facilities are provided for extended area service 
(EAS), special services, operator services or local interoffice links 
between wire centers or other nearby exchanges . 

3.1.2 Because of the significant effects on the telecommunications 
industry resulting from the divestiture of AT&T, the toll network 

has undergone many changes in recent years. Traditionally it was a strict 
hierarchical network operated by a single interexchange carrier (IXC). 

Today in the realm of interLATA competition and equal access , many carriers 
operate toll networks which depend upon access to LECs to terminate and 
route subscriber traffic. Formerly, the interoffice transmission 
facilities were of the analog variety; today they are largely digital. 

Even the terminology has changed. This section will address toll 
transmission objectives from a LATA access perspective while not completely 
ignoring the predivestiture form of toll network that is still in general 
use for many REA borrowers. 

3.1.3 The trunk transmission design objectives are set forth in five 
tables: B, C, D, E and F. Those trunks classified as inter- tandem 

and tandem connecting have more rigorous objective levels. This reflects 
the desire to maintain a higher quality of transmission both for calls 
carried over highly segmented routes as well as for strictly toll 
facilities, such as intertandem. Many of the performance criteria are 
based upon the nature of the facility, type of access, etc. Therefore, it 
is recommended that the reader review sections 3.2, 3.3 and 3.4 prior to 
interpreting the trunk transmission objectives. 

3.2 Types of Trunks 

3.2.1 Because the technical characteristics and capabilities vary between 
analog and digital facilities, the actual objectives bear a 
relationship to the facility and its interface to the switch. This section 

will briefly define the terms analog trunk, combination trunk and dieital 
trunk. ^ 


♦ interoffice facility that is either analog or digital (or a combination 
Of the two) and that terminates both ends in analog Interfaces. 

Combination Trunk - A digital interoffice faciiit/ that terminates one end In a digital 
interface and at the other end in an analog interface. 

pigltal Trunk - A digital interoffice facility that terminates both ends In digital 
interfaces at digital switching systems. 


3.3 LATA Access 

3.3.1 For some categories of network sepaents, toll transmission 

objectives vary depending upon the type of switched LEG LATA access 
that IS made available to the IXC at its point of presence (POP) . The four 
principal types of local exchange access are described below. 
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FIGURE 3 

TOLL TRUNKING NETWORK 
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FIGURE 4A 

ICL & END-TO-END LOSS 

DIGITAL END OFFICE-DIGITAL TANDEM-DIGITAL END OFFICE 



3 dB ICL >< 3 dB ICL 


6 dB END-TO-END LOSS 


3.5.7 Figure 4B depicts a local end office to end office trunk where the 
total end-to-end loss is 3 dB. The ICL for this trunk 
configuration (distances < 320 km) happens also to be 3 dB. The 3 dB ICL 
occurs at the decode point at the terminating end of the connection. 


FIGURE 4B 

ICL & END-TO-END LOSS 

LOCAL DIGITAL END OFFICE - DIGITAL END OFFICE 



<- 

<- 


3 dB ICL 


3 dB END-TO-END LOSS 


-> 

-> 


J.5.8 For analog switches, the ICL is the difference between the outgoing 
_ signal of the originating switch and the outgoing signal of the 
-erminating switch. Loss is normally introduced into this configuration 

at the receive -end channel bank. Figure 4C shows the 
OL tor a digital end office -analog tandem- digital end office connection, 
lere, the ICL for each individual toll connecting trunk is 3 dB. But 
)ecause of the analog tandem switch, the end-to-end loss is 5 dB. 


FIGURE 4C 

ICL & END-TO-END LOSS 

DIGITAL END OFFICE-ANALOG TANDEM-DIGITAL END OFFICE 



3 dB ICL >< 3 dB ICL 


5 dB END-TO-END LOSS 
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3.6 TRUNK NOISE 

3.6.1 The noise objectives for trunk circuits are specified as a short- 
term, average noise level performed on an idle channel at the 
analog interface. The measurement is C-message weighted to more accurately 
reflect the relative responses of both the human ear and a standard 
telephone set. The measured noise level is also referenced to a standard 
noise power of -90 dBm, or 10'^^ watts. Objective noise levels in units of 
dBrnCO for trunking facilities are outlined in Table D. 


TABLE D 

STEADY STATE OBJECTIVE NOISE LEVELS FOR TRUNKS 


Type of Facility 

Noise 

Objective^ 

1. NON-TOLL 

Digital 

Combination/Analog 

26 dBrnCO 

0 -100 km 

30 dBrnCO 

100-200 km 

32 dBrnCO 

11. TANDEM CONNECTING 

Digital 

Combination/Analog 

24 dBrnCO 

0 -100 km 

28 dBrnCO 

100-200 km 

30 dBrnCO 

III. INTER-TANDEM 

Digital 

Combination/Analog 

24 dBrnCO 

0 -100 km 

28 dBrnCO 

100-200 km 

30 dBrnCO 


^ Objective level is defined as a recommended minimum for 
facility design. 

2 Where digital switches employ digital loss pads, the stated 
objective may be Increased by 1 dBrnCO. 


i.7 TRUNK RETURN LOSS u 

3.7.1 Return Loss is a measure of a signal's reflected power back to the 

originating end of a network. It is equal to the ratio of the 

f j .-rt i-Vio i-piflpcted nower in dB. The reflection occurs as 

transmitted power to the retiectea power, 

a result of impedance mismatches at network discontinuities, such as at a 

4-wire/2-wire interface. The return loss is “nr^^ruri^ols ^ERL^ 

frequency-weighted bands. It is then referred to as Echo Return Loss (ERL) 
and^Singing Return Loss (SRL) . ERL measures the loss over the middle of 
the voicebLd where echo is most likely. SRL 

the edges of the voiceband where singing or oscillations tend to occur. 
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3 . 7.2 It IS important to ensur*. 
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4 . 


VOICEBAND DATA TRANSMISSION OBJECTIVES 


L 1 PUXpOSB 

ill In addition to the more standard noise and loss parameters, 

additional analog characteristics can be measured and controlled on 
voiceband transmission facilities in order to ensure adequate data 
transmission. Proper control of these parameters can play a major role in 
SHerformance of data modems to accurately transmit and receive data 
through the public network on both physical and carrier design 

Although these characteristics are to some extent ® 

of transmission equipment, equipment malfunctions and haraful ex 
influences may be^detected through proper observation and measurement. 

Ste^ TiinSe cause may be conunon to the simultaneous occurrence of one 
of piiSeiers exceeding the defined obj ectives . This section will 

I Ss^ibe each of the voiceband parameters. The performance 

are noted in Table G. For lt>fot.ation 
techniques, the reader la referred to Reference # 8 in the 
Bibliography . 

Zi 1 9 The objective level for each parameter outlined in Table G was 
' ' developed from the SALs 

supporting Information containe voiceband data transmission with 

are designed for — T^rUmSt are to be applied in 

modems operating up to facilities, but some of the 

measuring the performance IcoJ performance . Since these 

Se^n'menSd minimum values, no g“al°Scllltier'*ho»ever, 

:"Sclerto°:ribir::m»hat better performance in general than 
the other two facility types . 

4.2 Amplitude Jitter fl„rruation in the peak amplitude value of 

4 . 2.1 Amplitude Jitter is JV f J nominal value. Amplitude 

a fixed tone « a” ar!te f«quenoy bands, 4-300 Hz and 20-300 

Jitter can be measured in two ^ where modems that employ echo 

Hz. The wider 4-300 Hz band is ^ 3 “ Amplitude Jitter 

cancelling capability are used T 20-300 Hz band. Amplitude 

objectives for both the 4-300 Hz variation of signal 

Jitter is measured in terms of percent peak amplitu 

amplitude . 

4.3 Signal to C-Notched Noise Signal to Distortion (S/D) 

4.3.1 Signal to C-Notched Noise • ^^Sign^^ ^ ^ 

Ratio, is the Togarithmic rati P weighted noise level, 
holding tone signal ^rformed with a holding tone, the receive 

Because the noise measurement ^004 contour (C-message 

band is notched or attenua onlv the resulting noise or 

weighted) to remove this tone, leavi S either -13 dBm (the level 

distortion. The holding tone can be p 
that more closely approximates an actua 
used in many automated test systems). 

4.3.2 S/CNN can be one of the most ^ OthL parameters 

affecting the performance jitter can also 

such as harmonic distorti^, quan g ^ ^ pads for level 

contribute to excessive CNN. The use or aig 
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two nominal frequency bands; 1) 20-300 Hz and 2) either 2-300 Hz or 4-300 
Hz, the latter being more appropriate for transmission with modems 
employing echo-cancelling techniques. Table G sets forth phase jitter 
objectives in terms of “p-p for the 4-300 Hz band the 20-300 Hz band. 

4.7.2 PJ plays a major role in the error performance of data transmission 
wherever phase modulation techniques are used. The influence of 
power lines and other facilities through electromagnetic induction is a 
common cause of PJ. Digital facilities with PJ can be remedied through 
control of C -notched noise, impulse noise and DSl timing. 

TABLE G 

VOICEBAND DATA TRANSMISSION OBJECTIVES^ 


Parameter 

Value 

Amplitude Jittei^ 

(maximum) 

20-300 Hz 

5% 

4 -300 Hz 

6% 

Signal to CNN^ 

(minimum) 


31 db 

Envelope Delay® 

(maximum) 

Distortion 


604 Hz 

ISOOjLfS 

2804 Hz 

1000 JUS 

Impulse Noise^-** 

(maximum) 

Signal to IM Distortion 


R2 


R3 


Phase Jitter 


20-300 Hz 


4 -300 Hz 

_ 


NOTES 


I Minimum t 

Equivalent to the Immediate Action Limit (lAy e 
Standard T1 .506-1989.* 


2 Measured with a 1004 Hz tone at -13 dBmO. 


3 Envelope Delay Distortion objectives wf «howi 
delay which are relative to the delay at 1704 Hz 


^ Impulse Noise objectives are based upon a me 
a 5 minute period at equal or greater than the ii 
thresholds. 
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